process arc also given in the Figure. Because of the UMOSTs 
concave structure, 3 it has a higher threshold voltage (K r ) and 
body effect coefficient than the NMOST fabricated on the 
same chip. An appropriate substrate bias ( -05 V) results in an 
enhancement mode UMOST (V T — 0-$ V) and a depletion 
mode NMOST (K T - -1-2 V). The combination of the two 
devices can be used in an inverter configuration with a relative 
aspect ratio (Z/L)uuosT'(Z/L) Mkt0 sTo( 4 for low voltage (2-5 
V) logic applications. 2 The resulting inverters are found to be 
capable of subpicojoule power -delay products in ring oscilla- 
tor test structures and have a functional density of 250 
gates/mm 2 . 

substrate resistivity : 0 5 Hem 
- gate oxide thickness = 1000 A 
junction depth Xj i2-lpm 

: L (*OST= S *"" 




-as -i -is 

, subslrate bias Nfe, volts j&ol/lj 
Fig. 2 Transistors' substrate sensitivity curves 
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ARRAYS OF. CONCENTRIC RINGS AS 
FREQUENCY SELECTIVE SURFACES 



Indexing terms: Antennas, Electromagnetic waves. Frequency^ 
selective surfaces, Dichroic mirrors 

Concentric rings can be used as array elements in frequency, 
selective surfaces. The transmission curves are more complex 
than those for simple rings, but provide more closely spaced 
reflection and transmission bands. In an example discussed 
here, a band centre frequency ratio of 1/1-3 is given by an 
array of compound elements with two concentric rings. 

In a recent letter 1 we showed that simple rings used as array 
elements in frequency selective surfaces give reflection bands at 
least 25% in width with centre frequencies which arc readily 
calculable, particularly when the elements are closely packed: 
Plots of the transmission coefficient against frequency are 
characterised by a fairly slow rise in transmission as the; 
frequency decreases from resonance, giving a (&w*tYc^utr ( L7 
transmission-band/reflection-band ratio of about 1:3. The 
transmission rises more rapidly with frequency above: 
the reflection resonance but not sufficiently raprfiy' io cn«ui?T 
that grating lobe problems never arise in the upper rrmas- 
mission band. But by modifying the element to uwhKa; ,<udi- 
tional concentric rings, it is possible to produce compound 
structures with modified transmission curves. Here we prz 
some results for elements vcHifctaCiog ut two coo^eauiL nogs. 

1 -*huw» iUc gcousctry of one m the. arrays -that \*e nave 
studied. The elements were centred on a square Uatucc of &«kk 
D » 4-7 mm. The outer radii of the rings were V5 and 2-2 mm 
with.cotKiuuoE wtdim «| t>5> a«u Oimw, (caving a -gu-p m. 0*i' 
mm between ihc inner arid outer rings. The arrays wctc a^ib 
printed on a dielectric substrate of thickness O075 mm <vi& 
C - 2-33. <k ; 

Fig. 2 compares the plane-wave transmission coefficients 
measured over the frequency £-40 GHz wjth vuracs wui* 
culated for this surface using a modal analysis. As in Refs^rtct 
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1, currents induced in the rings were expressed in the computer 
model as a scries of sinusoidaJ or cosinusoidal modes. So for 
two concentric rings the element currents had the form 



X cos met + fc u sin na)a 



where m, /j « 0, 1, 2, 3, ... and k = 1. 2. 

The angle a defined on Fig. 1 expresses the position of a 
point on the circumference of either ring in the clement and a is 
a unit vector in the direction of increasing a. The computed 
curve in Fig. 2 was obtained when 49 Floquet modes 2 were 
used over the entire frequency range to express the electro- 
magnetic fields close to the surface of the array. Five current 
modes were included for each ring in eqn. 1, i.e. 

m m*x *" *Wjt ■* 2. 
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Fig. 2 H -plane transmission coefficients 
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Fig. 2 shows that, at present, the computed and measured 
upper resonant frequencies are not in such good agreement as 
they are in the case of the lower resonance. Nevertheless, the 
behaviour of this resonance as the angle of incidence is 
changed is similar to that illustrated in Reference 1 for arrays 
of simple rings which are not close packed. The mean 
diameter/spacing ratio (2r/D) for our inner rings is about 056, 
while for the outer rings alone it is 089. 

Although the upper resonant band itself may not be parti- 
cularly useful, its presence modifies the shape of the trans- 
mission curve close to the lower resonance. The transmission 
coefficient rises more rapidly with frequency than it does in the 
case of simple close packed rings. Between the two resonances, 
there is a fairly narrow but significant band where the trans- 
mission loss is less than 05 dB. Its width common to all values 
of 9 up to 45° is about 11% and its centre frequency is about 
1*3 times that of the lower reflection band. Dichroic secondary 
mirrors incorporating arrays of compound rings therefore 
allow dual-band reflector antennas to be operated with 
significantly closer band spacing than can be attained with, for 
example, an array of crossed dipoles as the frequency selective 
surface. The band s pacings arc comparable with those ob- 
tained with waveguide dichroic mirrors, 3,4 or with arrays of 
Jerusalem crosses. 5 - 6 In a dual-band Cassegrain system with a 
dichroic secondary mirror, the feed design is simplified if the 
feed at the Cassegrain focus operates at the higher band. This 
would, of course, require the use of the Babinet complement of 
the array described here. 

Acknowledgment : This work was supported by a research grant 
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it can be seen that there are now two reflection resonances 
between 8 and 40 GHz. The low frequency resonance near 19 
GHz corresponds to that observed for single-ring elements as 
illustrated for a triangular lattice in Fig. 1 of Reference I. The 
resonant frequency is only marginally affected as the angle of 
incidence 0 is varied from 0 to 45° in the principal planes. The 
width of this resonance, measured between the points where 
the reflection coefficient has fallen to -0-5 dB, is about 20% at 
normal incidence, but the reflection band that is common to all 
angles of incidence up to 45° in both planes has a width of 
approximately 13%. The narrowing occurs in the E-plane. At 
0 « 45', the width is only 13%, compared with 26% in the 
#-piane. In contrast, the location of the upper resonance near 
38 GHz is much more sensitive to the angle of incidence, vary- 
ing in both planes from about 35 GHz at 0 - 45° to above 40 
GHz at normal incidence. The upper resonance therefore docs 
not provide a useful reflection band. 
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EXTRACTION OF DECISION LEVEL FOR 
ENVELOPE-DETECTED AMPLITUDE-SHIFT 
KEYING 



Indexing terms: Signal processing. Noise, Data transmission. 
Amplitude- shift keying 



The optimum decision level for envelope-detected on/ofT 
amplitude-shift keying (ASK) in Gaussian noise is a complex 
function of the signal/noise ratio. A practical method is 
described which allows the decision threshold to be automa- 
tically extracted from the values at the decision instants of (he 
binary levels. 

Introduction: The solution for the optimum decision threshold 
for envelope-detected ASK in Gaussian noise is a well known 
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